(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 0 987 763 A1 



(12) 



EUROPEAN PATENT APPLICATION 





DatB of Dublication' 


int r^i7. Hnil 97/07 






(21) 


Application number: 98830535.5 




(22) 


Date of filing: 15.09.1998 




(84) 


Designated Contracting States: 


(72) Inventor: Pio, Federico 




AT BE CH CY DE DK ES Ft FR GB GR IE IT LI LU 


20047 Brugherio (Milano) (IT) 




MO NL PT SE 






Designated Extension States: 


(74) Representative: Mtttler, Enrico 




AL LT LV MK RO SI 


c/o Mlttler & C. s.r.l.. 






Viale Lombardia, 20 


(71) 


Applicant: 


20131 Milano (IT) 




STMicroelectronics S.r.L 






20041 Agrate Brianza (Milano) (IT) 





(54) Diode connected transistor and related process of fabrication 



(57) Semiconductor device comprising a semicon- 
ductor layer (1) of a first type of conductivity, a gate 
oxide layer (4) superimposed to the semiconductor layer 
(1), at least one polyslllcon region (11; 31) superim- 
posed to the gate oxide layer (4), a first (13) and a sec- 
ond doped regbn (8,10; 13) of a second type of 
conductivity in the semiconductor layer (1). The first (13) 
and second doped region (8,1 0; 13) being spaced-apart 



in order to form a channel region therebetween, under 
the polysilicon layer (11 ; 31 ), and the first doped region 
(13) extends under a contact opening (14) obtained in 
the gate oxide i^er (4) in correspondence of the polysil- 
icon layer (11;31), so that the polysilicon layer (11;31) 
is electrically connected with the first doped region (13) 
through the contact opening (14). 
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Description 

[0001] The present Invention concerns a diode con- 
nected transistor and a related process of fabrication. In 
particular, the invention relates to a diode connected 5 
transistor which does not require any metal contact for 
siiort-clrcuiting the drain electrode with the gate elec- 
trode. 

[0002] In the electronic devices. It is often necessary 
to integrate transistors in a diode connection, that is with io 
the gate electrode short-circuited with the drain elec- 
trode or with the source electrode. 
[0003] Figures 1 and 2 show, in a plant view and in a 
section view respectively, a typical diode connection of 
two MOS transistors 100' and 200', In order to form two is 
diodes connected in series. Field oxide regions 2, which 
define an active area zone 3, are present over a layer of 
a semiconductor material 1 . 

[0004] Moreover, a thi n gate oxide layer 4 and a super- 
imposed layer of intermediate dielectric material 1 9 with 20 
openings 5 for metal connections are present over the 
semiconductor layer 1. A corresponding metal contact 
6, also connected to metal lines 7, is provided on each 
opening 5. 

[0005] Each opening 5 of the dielectric layer corre- 2S 
spends to a determined transistor region, in particular 
there is shown a source region 8 of the transistor 100*, 
and to a region 10 that corresponds to a source region 
for the transistor 200* and to a drain region for the tran- 
sistor 1 00*. 30 
[0006] Polyslllcon layers 1 1 , corresponding to the gate 
electrodes of the transistors 100' and 200', are also 
shown, and spacers 12 are present at the sides of the 
above-mentioned poiysilicon layers 1 1 . The gate oxide 
layer 4 is present only under the poiysilicon layers 1 1 35 
and the spacers 12. Figure 1 does not show the oxide 
regions for a better showing of the figure itself. 
[0007] As It can be noted, every poiysilicon layer 1 1 , 
corresponding to the gate electrode of the related tran- 
sistor, is connected, in a typical diode connection, to the 40 
drain region of the transistor itself by means of contacts 
6 and metal lines 7. 

[0008] The implementation on silicon of structures 
constituted by diode connected transistors, in series or 
in parallel, can create problems of space utilization. 45 
Referring to the patent application EP 0 715 312 of the 
same Inventor, wherein a circuit solution for accomplish- 
ing a multi-level program in an EEPROM memory, the 
utilization of diode connected transistors, substantially 
in a similar way to that shown in Figures 1 and 2, is so 
expensive in terms of space utilization because the 
series and/or parallel connection of the different diode 
connected transistors have to observe the pitch of the 
memory cells, and moreover the metal connections 
between the gate electrode and the drain electrode of ss 
each diode connected transistor prevent from using that 
space for other Interconnection lines, In some cases 
necessary in a so dense region. 
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[0009] Another problem can occur in the case in which 
the voltages applied to the transistor are high (as 
described, for example, in EP 0 715 312) and the man- 
ufacturing process provides for steps of salicldation of 
the active areas (for example for reducing the access 
resistance of the transistors in a speedy logic), because 
a diode connected transistor having a high breakdown 
voltage is difficult to fabricate. 

[0010] During the salicldation process, in fact, the for- 
mation of the metal compound would eat away silicon, 
including the lightly doped source and drain junctions 
and so provoking a short-circuit between the corre- 
sponding electrode and the substrate; moreover, the 
metal compound would transfer the voltage up to the 
boundary zone between the active area and the field 
oxide, preventing from using the depletion regions of the 
lightly doped silicon. 

[0011] In view of the state of the art described, it has 
been an object of the present Invention to provide a 
diode connected transistor with a minimum number of 
metal interconnections, in order to reduce the structure 
dimensions and to solve the above-mentioned prob- 
lems. 

[0012] According to the present invention, such an 
object is achieved by means of a semiconductor device 
comprising a semiconductor layer of a first type of con- 
ductivity, a gate oxide layer superimposed to said semi- 
conductor layer, at least one poiysilicon region 
superimposed to said gate oxide layer, a first and a sec- 
ond doped region of a second type of conductivity in 
said semiconductor layer, said first and second doped 
region being spaced-apart in order to form a channel 
region therebetween, under said poiysilicon layer, char- 
acterized in that said first doped region extends under a 
contact opening obtained in said gate oxide layer in cor- 
respondence of said poiysilicon layer, so that said poiy- 
silicon layer is electrically connected with said first 
doped region through said contact opening. 
[0013] The features and advantages of the present 
invention will be made clearer by the following detailed 
description of four embodiments thereof, illustrated as 
non-limiting examples in the annexed drawings, 
wherein: 

Rg. 1 shows a plant view of two diode connected 
transistors according to the prior art; 
Rg. 2 shows a cross-sectional view taken abng line 
11-11 of Figure 1; 

Rg. 3 shows a plant view of two diode connected 
transistors according to a first embodiment of the 
present invention; 

Rg. 4 shows a cross-sectional view taken along line 
IV-IV of Figure 3; 

Fig, 5 shows a plant view of two diode connected 
transistors according to a second embodiment of 
the present invention; 

Fig. 6 shows a cross-sectional view taken along line 
VI-VI of Figure 5; 
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Fig. 7 shows a plant view of two diode connected 
transistors according to a third embodiment of the 
present invention; 

Fig. 8 shows a cross-sectional view taken along line 
VIII-VIII of Figure/; s 
Fig. 9 shows a plant view of two diode connected 
transistors according to a fourth embodiment of the 
present invention; 

Fig. 10 shows a cross-sectional view taken along 
line X-X of Rgure 9; io 
Figs. 11 A to 11 J schematically show the main steps 
of a manufacturing process of two diode connected 
transistors, according to the first embodiment of the 
present invention; 

Fig. 12 shows a section view of two diode con- 15 
nected transistors each having two polyslllcon lay- 
ers, according to the first embodiment of the 
present invention. 

[0014] Figures 3 and 4 show, in a plant view and in a 20 
section view respectively, two diode connected transis- 
tors 100 and 200 according to a first embodiment of the 
present invention. In particular, the two diode connected 
transistors are connected In series. 

[0015] The connections between the polysilicon layers 25 
11, corresponding to the gate electrodes, and the 
related drain electrodes (for the transistor 200 the drain 
region is the region 9, whereas for the transistor 1 00 the 
drain region is the region 10) are made possible by 
means of diffusion regions 1 3 and direct contact regions 30 
1 4, instead of contacts 6 and metal stripes 7 as in prior 
art. 

[0016] The diffusion regions 13 are obtained during 
initial steps of the manufacturing process by means of a 
N-i- implantation (for example if the diode connected 35 
transistors are integrated in an EEPROM memory, it is 
possible to use the N+ implantation under the tunnel 
oxide of the memory cells), and they extend up to the 
drain junctions 9 and 1 0 of the transistors. The diffusion 
regions 13 are connected to the polysilicon layers 1 1 by 40 
means of direct contact regions 14 obtained in the thin 
gate oxide layer 4. 

[0017] Such a structure allows a high reduction of the 
occupied space and, obviously, that reduction is propor- 
tional to the number of the present transistors. With this 45 
structure, in fact, a reduction of the gate-contact dis- 
tance (multiplied by two), of the overall dimensions of 
the contact Itself, and furthermore of all the space nec- 
essary to form the contact with the gate over the field 
oxide, is obtained. It is evident that in the case of diode 50 
connected P channel transistors, the conductivity types 
of the doped regions have to be exchanged. 
[0018] Figures 5 and 6. similar to Figures 3 and 4 
respectively, show a second embodiment of the present 
Invention. In this case the distance between the two 55 
polysilicon layers, i.e. between the two gates, of the two 
transistors connected in series, is reduced to a mini- 
mum that can be lithographically obtained. Such a dls- 
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tance can reach, by means of the actual lithographic 
techniques in use, an extension smaller than the lateral 
dimension of the spacer 1 2 that Is usually formed on the 
sidewatis of the polysilicon layer 1 1 . 
[0019] Then, the spacers between two adjacent tran- 
sistors can be undlstinguishable and so it Is possible to 
avoid source/drain implantations in the underlying 
region due to the shielding effect caused by the dielec- 
tric layer 12 that constitutes the spacers themselves. 
[0020] In order to guarantee an electrical connection 
between the drain diffusion 9 of the transistor 200 and 
the related gate region 11, it is necessary to make a 
proper N-i- implantation at the beginning of the process 
(for example the N+ implantation made under the tunnel 
oxide of the EEPROM memory cells), so that a suffi- 
ciently extended diffusion region 13 is formed. 
[0021] Such a solution turns out to be particularly 
advantageous even when a salicidatlon step of the 
active areas Is provided (for example to reduce their 
resistance), because the diffusion region 13 resulting 
from the implantation is usually deep enough to 
avoki a complete consumption of dopant during the 
reaction between metal and silicon (therefore avoiding a 
short-circuit with the substrate). 

[0022] Figures 7 and 8 show a third emkx>dlment of 
the present Invention, wherein a contact between the 
drain electrode and the gate electrode of the transistor 
200 is obtained by means of a direct connectfon 
between the polysilteon layer 1 1 and the contact 6 (such 
a connection Is usually obtained over the field oxide 2 
and consequently a larger extension of the polysilicon 
layer 1 1 Is provided). The applied voltage is then trans- 
ferred to the drain region 13, situated under the polysili- 
con layer 11 and obtained by means of a N+ 
Implantation, through the direct contact 14. 
[0023] Figures 9 and 10 show a fourth embodiment of 
the present invention, deriving from a combination of 
the second and third embodiments. The distances 
between the polysilicon layers 1 1 are reduced to a min- 
imum that can be lithographically obtained, and moreo- 
ver the metal contacts are directly obtained on the 
polysilicon layers 1 1 themselves. 
[0024] Such a situation turns out to be further advan- 
tageous In case that the silicon exposure of the active 
area regions, after the spacers 1 2 are formed, has to be 
avokied; during salicidatlon steps, for example, the 
reactions for the formation of sllicide layers is obtained 
only on the polysilicon layers 11 (so salicide layers 15 
are formed), whereas the active areas are not involved 
in the above-mentioned reactions, because the rea- 
gents, namely the silicon of the substrate and the metal, 
are physically separated from the dielectric layer form- 
ing the spacers 12. In this way a device without prob- 
lems of short-circuiting to the substrate, and with a high 
breakdown voltage, can be obtained. 
[0025] Figures 11A to 11J show schematically the 
main steps of a manufacturing process of two dfode 
connected transistors according to the first embodiment 
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of the present invention. After the first step of formation 
of active area regions (Fig. 11 A), a first masl^ 21 with 
openings is deposited In order to allow a N+ implanta- 
tion and consequently to form diffusion regions 13 (Fig. 
1 1 B). As already mentioned. In the case that the diode 5 
connected transistors have to be integrated in a EEP- 
ROM memory, it is possible to make use of the implan- 
tation already provided for the formation of the N+ 
regions under the tunnel oxide of the EEPROM memory 
cells, in order to form the doped regions 13. w 
[0026] After the formation of a thin gate oxide layer 4 
(Fig. 1 1 C), a second mask 22 with openings on the dif- 
fusion regions 13 is applied in order to etch and remove 
portions of the gate oxide layer 4 and to form, then, the 
direct contact regions 14 (Rg. 11 D). is 
[0027] At this point, the gate regions 1 1 are formed by 
means of a polysilicon layer deposition and a subse- 
quent selective etching through a third mask 23 for pho- 
tolithographic definition (Fig. 11E). A LDD Implantation 
forms the regions 8. 9. 1 0 of the transistors 1 00 and 200 20 
(Fig. 1 1 F), before the spacer 12 formation at the polysil- 
icon 11 sidewails, and before the Intermediate dielectric 
layer 19 deposition over all the device surface (Fig. 
11G). 

[0028] Subsequently, contacts are formed by means 25 
of a fourth mask 24 in order to obtain openings 5 In the 
intermediate dielectric layer 19 (Fig. 11H), in case add- 
ing another dopant ion Implantation in the exposed 
regions. Then, metal Interconnections 6 and 7 (Figures 
111, 11 J) are formed by means of deposition of a metal 30 
layer and use of a fifth mask 25. Finally, the process 
continues according to the prior art, for example with the 
formation of possible contacts or metal lines and passi- 
vation steps. 

[0029] in case of active area salicidation, the process 35 
has to be modified In order to provide for, after the spac- 
ers 12 formation step, the metal (for example titanium) 
deposition step, the thermally activated reaction 
between the deposited metal and the silicon (or polysil- 
icon) in contact with it, and then a selective removal step 40 
of the non-reacted metal. 

[0030] In the case that the diode connected transistors 
have to be Integrated in a device obtained by means of 
a manufacturing process which provides the fabrication 
of two polysilicon layers (for example to obtain floating 45 
and control gates), it is necessary to modify the photo- 
lithographic masks of the process Itself. Particularly, the 
mask for the definition of the lower polysilicon layer 
(which will form the floating gates) must be shaped in 
such a way to allow the removal of the lower polysilicon so 
layer In the regfons wherein the formation of the direct 
contact is desired, and, similarly, also the mask defining 
the intermediate dielectrk: comprised between the two 
polysilicon layers (for example ONO), must be able to 
allow a gate oxide etching, as well as an intermediate ss 
dielectric etching itself, In the regions wherein the direct 
contact has to be formed. Subsequently, the upper poly- 
silicon layer is deposited (for control gate formatfon) so 



that it will be electrically connected to the active areas in 
the contact regions (as shown in Figure 1 2). 
[0031] Thus, the main steps of a manufacturing proc- 
ess of an integrated semiconductor circuit comprising 
memory cells with double polysilicon layers, may be 
summarized as follows: active areas formation; implan- 
tation for the regions 13 formation; gate oxidation; lower 
polysilicon layer 33 deposition; lower polysilicon layer 
formation and selective etching (considering also the 
direct contact regions 14); intermediate dielectrfo layer 
32 formation; selective etching of the above-mentioned 
intermediate dielectric layer (considering also the direct 
contact regions 14); upper polysilicon layer 31 deposi- 
tion; upper polysilicon layer formation and selective 
etching. In this way the structure shown In Fig. 12 is 
obtained, wherein the upper polysilicon layers 31 are 
electricaily connected to the doped regions 13, through 
openings obtained in the Intermediate dielectric layers 
32 and in the tower polysilicon layers 33. 
[0032] Then, consklering a manufacturing process of 
semiconductor memory devices comprising Fiotox 
EEPROM memory cells, wherein an initial implantation 
is provided that must include completely the tunnel 
oxkle region through which the Fbwler-Nordhelm injec- 
tion is obtained, the diode connected transistors imple- 
mentation according to the present Invention does not 
provkje further process expenses, neither as regards 
masking operations, nor further treatments. 
[0033] The suggested solutions have the feature of 
obtaining diode connected transistors whose dimen- 
sions are defined by the distance between the N+ 
implantation regions and by the subsequent thermal 
treatments of the thermal process, that define the lateral 
diffusion of the N-i- implantation regions themselves. 
The present invention Is particularly suitable for semi- 
conductor devices wherein it is necessary to integrate a 
speedy logic with a non-volatile memory. 
[0034] It is evident that the invention extends also to 
diode connected P type transistor formation, instead of 
N type. FurthernrK>re, the present invention extends to 
any number of diode connected transistors, for example 
a series of many diode connected transistors used to 
form a voltage divider. 

Claims 

1. Semiconductor device comprising a semiconductor 
layer (1 ) of a first type of conductivity, a gate oxide 
layer (4) superimposed to said semiconductor layer 
(1 ), at least one polysilicon region (1 1 ; 31 ) superim- 
posed to said gate oxkJe layer (4), a first (13) and a 
second doped regfon (8,10; 13) of a second type of 
conductivity in said semiconductor layer (1), said 
first (13) and second doped region (8,10; 13) being 
spaced-apart In orcler to form a channel region ther- 
ebetween, under said polysilicon layer (11; 31), 
characterized in that said first doped region (13) 
extends under a contact opening (14) obtained in 
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said gate oxide layer (4) in correspondence of said 
polysilioon layer (11; 31), so that said polysilicon 
layer (1 1 ; 31) is electrically connected with said first 
doped region (13) through said contact opening 
(14). 5 

2. Device according to claim 1 . characterized by com- 
prising conductive elements (6,7) electrically con- 
nected with said first (1 3) and second doped region 
(8.10; 13). 10 

3. Device according to claim 1 , characterized by com- 
prising conductive elements (6,7) electrically con- 
nected with at least one of said polysilicon regions 
(11; 31). 15 



tion of a thin gate oxide layer (4) over said active 
area regions, a fourth step (1 1 D) of selective etch- 
ing and subsequent removal of portions of said gate 
oxide layer (4) over said first doped regions (13) In 
order to define direct contact regions (14), a fifth 
step (11E) of polysilicon gate regions (11) defini- 
tion, said direct contact regions (14) being fit to 
electrically connect said gate regions (1 1 ) with said 
first doped regions (13). 

11. Process according to claim 10, characterized by 
comprising a sixth step (1 1 E) of dopant ion implan- 
tation for second doped regions (8,9,10) formation, 
a seventh step (1 1G) of oxide spacers (12) forma- 
tion at said gate regions (1 1) sides and of a dielec- 
tric layer (19) deposition over all the device, an 
eighth step (1 1H) of selecth^e etching and removal 
of portions of said oxide l^er (19), a ninth step 
(III.IIJ) of conductive elements (6,7) definition, 
said conductive elements (6,7) being inserted in 
said oxide layer (19) spaces obtained during said 
eighth step (11H). 



4. Device according to anyone of the preceding 
claims, characterized by comprising oxide spacers 
(1 2) at the sides of said polysilicon regions (1 1 ; 31 ). 

5. Device according to anyone of claims 2 to 4, char- 
acterized In that said conductive elements (6,7) 
comprise contacts (6) and metal lines (7). 



6. Device according to claim 5, characterized by com- 25 
prising a dielectric layer (19) deposited over the 
upper surface of said device, said contacts (6) 
being inserted in it, and said metal lines (7) being 
placed over It. 

30 

7. Device according to anyone of the preceding 
claims, characterized by comprising lower polysili- 
con regions (33) situated between said polysilicon 
layers (11 ; 31) and said gate oxide layer (4), inter- 
mediate dielectric layers (32) placed between said 35 
polysilicon layers (1 1 ; 31 ) and said lower polysilicon 
regions (33), said lower polysilicon regions (33) and 
said intermediate dielectric layers (32) comprising 
openings for allowing the electrical connection 
between said polysilicon regions (11 ; 31) and said 40 
first doped region (13) underlying. 

8. Device according to anyone of the preceding 
claims, characterized in that said first type of con- 
ductivity is a P type and said second type of con- 45 
ductivity Is a N type. 



9. Device according to anyone of claims 1 to 7, char- 
acterized In that said first type of conductivity is a N 
type and said second type of conductivity is a P so 
type. 



10. Manufacturing process of a semiconductor device 
according to claim 1 , characterized by comprising a 
first step (1 1 A) of active area regions formation, a ss 
second step (1 1 B) of selective dopant ion implanta- 
tion in said active area regbns for the formation of 
first doped regions (13). a third step (1 1C) of forma- 
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